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DRAG AT MODEL TRIM LIFT OF A 1/15-SCALE
CONVAIR B-58 SUPERSONIC BOMBER

By Russell N. Hopko and Williem H. Kinard | [ _

SUMMARY

L An in#estigation has been made by the Langley Pilotless Aircraft%;§ .
""Research Division utilizing a l/l5—scale rocket-propelled model of the N

Convair B-58 supersonic bamber. The drag at model trim 1lift was obtained

" at Mach numbers between 0.85 and 2.0 at corresponding Reynolds number’per

»

' foot‘of 5.5'x‘106 and 13.7 X 106,,respécfively.'fThe results of the pres-

ent investigation are compared with unpublished data obtained from several
facilities, WADC 10-foot tunnel, Ames 6- by 6-foot supersonic tunnel and
the langley 16-foot transonic tunnel. A comparison of the drag at tran-

' sonic speeds and at approximately the same Reynolds numbers showed excel-

lent agreement. A drag coefficient of 0.028 at a Mach number of 2.0 was
obtained at zero-lift conditions. ‘

INTRODUCTION

At £he request of the U. S. Air Force, thé‘Langley Pilotlesstircraft

Research Division has undertaken & £light test program to determine the

drag near zero 1ift of the Convair B-58 composite airplane. "The vehicle
portion-of the B-58 supersonic bomber consists of two partsj the basic
inhabited airframe which is designated the return component, and .an
éxpendable pod which is an air-to-surface missile. The complete vehicle
with pod attached on a short pylon is designated the composite airplane.

The return component consists of a 60° modified delta wing at 30 of
incidence incorporating 0.15-local-semispan leading-edge camber, a Mach
number 2.0 supersonic "area rule" fuselage, and a swept tapered vertical
tail mounted atop the fuselage aft of the wing trailing edge. Four
nacelles are pylon mounted underneath the wing.
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The expendable pod is essentially a body—of—revoluinn missile with

: the'supportlng pylon attached to its upper surface. Aerodynamic surfaces

of the pod,.canard and wing, are 600 deltas with-100 swept trailing edges
and the vertical tails are swept and tapered.

Results of some previous investigations during the development of

‘the B-58 have been reported in references 1 to. 3. 1In the present inves-
_tigation a l/l5-scale rocket-propelled composite model was flown and data
were obtained over a Mach number range of 0.85 to 2.0 at corresponding

Reynolds number per foot of 3. 5 b4 lO6 and 15.7 X 106, respectively. This
investigation was conducted at the Langley Pilotless Aircraft Research

Station at Wallops Island Va.

',SYMBOLS,
A ~ cross-sectional area
.w'Ay. . longitudinal acceleration, £t/sec?
g ' acceleratién due to gravity, ft/sec?
Ce chord-force coefficient, 92932529299
‘ AP ' Drag
Cp drag coefficient,
S qs
Cpy internal drag coefficient, Interzgl drag
o Cpy external drag coefficient, . Cpp - CDI - CDB
vCDB  base drag cogfficient, qg;b i?
Cpp * total drag coefficient, 'CDB + Cpy + CDg
P - span
Cy normal-force éoefficient, Norma;sforce
M Mach‘number'
1 . overall length
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f; static prcssure, lb/sq ft
Py ' base pressure, 1b/sq ft
q dynamic prcssure, lb/sq £t
R Reynolds number
s total wing area including body interccpﬁ, 6.86 sq £t
Sp are; of necellé base (four nacelles) . '
t time o
v velocity, ft/sec‘
W model weight, 1b
angle between 1ns£antaneous flight path and the horlzontal

deg
MODEL

The general arrangement of the model is shown in figure 1 and a
photograph of the model is shown in figure 2. Other pertinent physical
characteristics are presented in tables I, II, and III. The wing, -con~
structed mainly of steel, has a diamond plan form with 60° sweep of the
leading edge and a -10° sweep of the trailing edge. Outboard of sta-
tion 3.33 the wing has an NACA O004.08-63 sirfoil sectlon; at the oot
‘it has an NACA 0003.46-64.069 section. The wing has 3° of incidence and
dihedral of 2°13'45" outboard of station 3.767. The- caﬂber has been ‘
designed for a 1ift coefficient of 0. 22 at a Mach number of 1. 414 The

elevon deflection was Oo.
The pod wing and canard are of 51milar plan form to the w1ng of the

return component and have NACA 0004.5-64 airfoil sections. These sur-
faces were at 0° deflectlon for the present 1nvest1gatlon.

‘The vertical tail is a swept tapered surface with an NACA 0005-6h air-

foil section. The leading-edge sweep is 52° and the taper rat;o is O. 32h

The pod tail is a swept tapered surface with an NACA 0005-64 sectlon.

- The leading edge is swept 60° and the taper ratio is 0.35.
w1z, Division of Generern| Dyvamics C’oep,

The model was constructed by the Gcnscixdated—V&lteeeA&rer&£t—eespvy

Ft. Worth, Texas.
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TEST PROCEDURE

Instrumentation

The models were internally instrumented by the Iangley Aeronautical
Laboratory of the Netional Advisory Committee for Aeronautics with an
eight-channel telemeter which transmitted the following information:
longitudinal acceleration (two instruments), normal acceleration, trans-

. verse acceleration, total pressure (two instruments), static pressure,
~and base pressure. The base pressure measurements were made on one

inboard nacelle'by,uSing four pressure orifices manifolded together and
connected to a pressure pickup instrument; A modified SCR-584 radar
unit was used to determine the space position of the model in flight.

. The velocity was obtained with a CW Doppler velocimeter and a rawinsonde
.provided atmospheric conditions and winds.aloft velocities throughout -
the sltitude range transversed by the model in flight. :

~ Propulsion

- The model atﬁaiﬁéd a'maximum.MaCh'number of approximatélY‘E.O with.’
an M-5 Jato (Nike booster).. After burnout the booster drag separated from

* the model and data were obtained during coasting flight. A photograph of

the model in launching position is shown in figure 3..
'DATA REDUCTION

Ground Radér

Drag coefficients were obtained during model flight by evaluating
the following expression . L o
= MW_fdV
2 —'qu=(dt v sin 7)
) . r[/ﬁ&,;-:ﬁf "\‘ﬁ_‘LC“Y~K~ %?&R_/ﬁf;: ) o .
here V is the yélocity obtained ffom CW Doppler velocimeter and cor-
rected to the tamgential velocity along the flight path and also cor- |

cted for winds of the altitudes traversed in flight. 7
M T et T /...\/,__,t.“__,mw.a../-
Telemeter

The longitudinal accelerometer data were used in the folloﬁing

equation
| oM E/s
¢c g a

c
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: A similar expression was used to evaluate the normal and side-force
{ coefficients using the normal and transverse acceleratidns,vrespectively.
The base drag coefficients were determined from

C =_P_°_"__Phs_b.
Dy g

~ ACCURACY

. The accuracies in coefficient form for the Mach number, drag, and
normal—force data are estimated to be

ol ',y | N | o
> £0.0005 | +0.008 | *0.01 .
1 %.,0008 t.013 t.o1

RESULTS AND DISCUSSION

The Reynolds numbers per foot are given in figure 4. The total
drag coefficients for the configuration are shown in figure 5. These
drag coefficients were determined by both CW Doppler radar and telem-
etered accelerations. The data range of the Doppler radar was from
M=2 to M=1.5 for thls investigation; the data range of the telem-
eter was from M =2 to M = 0.85. Excellent agreemént was obtained
between the Doppler and telemeter data. Base pressures were measured on
one inboard nacelle and these data reduced to drag coefficient are shown
in figure. 6. Also shown in figure- 6 are base pressure measurements on
both the inboard and outboard nacelles, obtained in the Langley 16-foot
transonic tunnel and the Ames 6- by 6-foot supersonic tunnel. Inasmuch
as the outboard nacelle base pressures were not measured in flight and
because the comparison of the flight and tunnel base pressure measure-
ments for the inboard nacelle shows excellent agreement, the outboard-

" nacelle base pressure measurements obtained in the langley 16-foot tran~
sonic tunnel were employed in evaluating the external drag data for the
present rocket model.

No measurements of the internal drag were made w1th the flight model.
'The internal drag measurements obtained in the Langley 16-foot transonic
tunnel on both the inboard and- ‘outboard nacelles are shown in figure 7.
Also shown.are internal drag measurements obtained in the Langley k- by
4-foot supersonic pressure tunnel on one outboard nacelle of a similar
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nacelle configuration. The inlet spike for the 16-foot-transonic-tunnel

investigation was set at the M = 0.9 cruise position giving a mass-

flow ratio of approximately 0.9. For the present investigation the inlet
spikes were set for approximately the flight condition at M = 2 with a
respective mass-flow ratio of 1.0 and the mass-flow ratios of subsonic
speeds were approximately O.7. Therefore, calculated values of the inter-
nal drag using one-dimensional-flow theory and also reference 4 were used

to determine the external drag in this investigation.

A comparison of available éxterhal drag data is made in figure BW%kASﬁuus
e drag coefficient at model trim 1ift (shown in fig. 9) and essentiall
. > 4

' zero sideslip, as determined from the transverse accelerationsy,is pre-

sented and compared with data obtained at WADC 10-foot tunnel, Iangley
16-foot transonic tunnel, and Ames 6- by 6-foot supersonic tunnel; the
data of the latter configuration were obtained with the inboard nacelles
parallel to the wing chord and the outboard nacelles at -5° to the wing
chord. The configuration tested in the Langley 16-foot transonic tunnel
was similar to the configuration of this investigation. A comparison of
the external drag obtained in this investigation with the results obtained

. in the 16-foot transonic tunnel at approximately the same Reynolds numbers

showed excellent agreement. The 6- by 6-foot tests were made with fixed
transition and a ACp of approximately 0.0014 due to the boundary-layer

trip was estimated. This increment in drag coefficient has not been.
subtracted from the data obtained in the Ames 6- by 6-foot supersonic -
tunnel presented herein. R L

A nondimensional cross-sectional area diagram of the present con-
figuration is shown. in figure 10. '

CONCLUDING REMARKS

The drag'aﬁ mbdel trim 1lift of the Convair B-58‘supersonic bomber»
was obtained at Mach numbers between 0.85 and 2.0 at corrosponding

' Reynolds number per foot of 3.5 X 106 and 15.7 X 106. The external drag .

of the model at trim 1lift has been compared with date obtained in the ‘
Langley 16-foot transonic tunnel. A comparison of the drag at transonic
speeds and at approximately the same Reynolds number showed excellent
agreement. A drag coefficient of 0.028 at a Mach number of 2.0 was
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obtained at zero-lift conditions. The model had a mild transonic trim
change. wi%ba—drag—récse—l\daeh-—number~of—~appr9xim&te~l+@.-9§~

langley Aeronautical Laboratory,
National Advisory Committee for Aeronautlcs,

Langley Field, Va., June 27, 1956
Russell N. Hopkg
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, Wllliam H. Klnard ‘
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TABIE I

WING GECMETRY

- [Trailing—edge radius, 0.010 typical; see ﬂgure l(b)]

3

4

5

Span station 3.767 Span stetion 10.667 Span station 15.835 Span station 18.150 Span station 20.667 Root. chord
Chord = 36,216 Chord = 23.048 Chord = 13.189 - Chord = 8.768 " ‘Chord = 3.965 Chord = 42,741

"p" Upper | Lower b Upper | Lower g Upper | Lower g Upper | Lower o Upper | Lower lo. . lordinate

dimension|ordinate jordinate |dimension|ordinate jordinate |dimension |ordinate Jordinate|dimension|ordinate jordinate |dimension |ordinate |ordinate )

0 -0.063 | -0.108 0 -0,304 | -0.304 o <02k | -0.452 | 0O -0.509 | -0.509 | © ~0.589 | -0.589 | © 0
416 W9 [ -.261 268 { -.080 | -.389 W265 | -.301 | ~.479 .189 -.375 | =-.588 .05 547 [ -.600 .53k .22k
.889 2320 | =-.327 S5T6 L061 | -.h00 w277 | -.253 478 477 =275 | =504 .099 =517 | =592 | 1.069 301

1.811 Ju5 | -.hks5 1,152 179 -.381 559 -.159 ~ 466 643 =235 ~.188 .197 =475 =570 | 2,137 o1

2.716 526 | -.526 1.728 293 | -.392 1.333 0075 ~.425 973 -.163 -.459 .299 -437 | ~549 ] 3.206 468

3,621 5861 -.586 2,304 +355 =392 2. 21 | -.0382 | 1333 =101 | -Jk27 397 -.405 -53% | Lh.2Th 519

5.432 667 | -.667 3.461 Aoa ) et 2.712 WA76. ] <345 | 2,005 -, 013 -.363 .59 =357 -.501 6.411 596

T.243 JI| -G 4,611 JA51 w451 k.098 .256 -.228 3.109 ~.080 =277 792 | =320 -.469 | 8,488 648

10.865 139 | -39 6.915 MET | -b67 5.275 262 | ~262 ) L4696 LAl | -.168 | ‘1.189 | -.256 | -.426 | 12,822 .715
--14,486 19 | -.T19 9.219 4567 =56 6.59% k2 | o~a282 1 5.787 J125 | -.325 | 1,587 -.208 | -.363 { 17.388 VT39
18.108" 666 | -i666 | 11.525 421 | -421 7.913% L211| .,211 L840 .088 | -.088 | 1.98% -.17L | =309 { 21.009 .79
21.729 580 | -.580 | 13.830 368 | -.368 9.232 A7) -arl | 7.715 051 | -.051 | 2.379 -.139 | -.261 | 24,631 | .666
25.351 1469 -89 | 16.134 .296 2% | 10.551 122 <222 | 8.328 o2k |- o-.02k | 2,776 =117 | -.219 | 28.253 .580
28.973 335 | =335 | 18.438 L11 | -.211 | 11.187 066 | -.066 | 8.768 0 0 3,173 -.096 | -.173 | 31.8Th R
ook | g2 | -a82 | cooms | .m5 | -aa5 | 12529 | w036 | w036 |ME | a6 3,568 | -.085 | -.128 [ 35.460 [ .335
34,405 2098 | -. 21.896 | . .06k | -.064 | 13.189 | © 3.768 -.080 | -.107{ 39.117{ .182
36.216 | © 0 0% 25.048 | © 0 3.965 -0 | -.091 | 40,928 .098
) ) : . b2,741 | O
L.E, L.E. L.E. -
radius -0k2 radius -024 radius -007 i

=2
(:I;
o=
t(e
U
)
Y]
N
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Base\ | Base Base Base ' " Base Base Base Base Base Base Ease Base ‘ Base Base Base Base

Vat line at|line at|line at|lire at Water line at|line at|line at|line at|line atjline at{line at|line at Vater line at|line at|line at|line at|Station|Station

& e{ station|station station{station) station|station| station}station|station|station station|station station|station|station| station|76.467 |77.800

1ineM 00 000" |23.333 | 26.667 |30.000 |11n€T33,353 |36.667 [40.000 46.667 150,000 [53.333 |56.667 (60000 |11n€T16k, 135 167.466 170.800 | 7h.153 170.800 |72.133
14,333 |17.666 |21.000 |2h.333 27.666 |31.000 |34.335 | 4.1000|hk.333 |47.666 |51.000 [54.333 [ 58,466 |61.799 |65.133 |68.466 |\ .

0 -0 0 0 0 0 0 0 [ 0 0 0 -0 v

L0831 L9753 | 1.033 «933 839 | L083] 73T .693 640 519 500 L0k 448 RS
.167| 1.210 | 1.201 | 1.233 | 1.125°| .167| 1.005 953 859 724 673 607 607 607
.250] 1.415 | 1.452 | 1.420 | 1.309 | 250 =-=== B Bl Eoons 793 728 | .63 125
.333] 1,533 | 1.579 | 1.547 | 1.448 | 333 1.547 | 1.260 | 1.155 967 .887 821 .828 .827
500 1.703 | 1.763 | 1.743 | 1.678 | .500 1.561 | 1.472 | 1.360 | 1.124 | 1.028 2963 975 .981
667l 1.813 | 2.873 | 1.867°| 1.818 667] 1.735 | 1.622 | 1.503 | 1.237 | 1.139 1.069 | 1.086 | 1.100

1.0000 1.937 | 2.005 | 2,020 | 1.997 | ¢833| mmwm== | =mme=s= | mmmec ] omsmes 1.233 | 1.187 | 2.175 ] 1.190

1.3533| 1.990 | 2.060 | 2.083 | 2.085 {1.000] 1.917 1.813 | 1.688 | 1.387 | 1.270 | 1.211 | 1.253 1.263

1.667| 2.000 | 2.073 | 2,113 | 2,135 |1.333] 2.005 | 1.915 1.785 | 1471 | 1.343 | 1.295 | 1.317 | .36

2.000| 1.990 | 2.067 | 2.103 | 2.112 |1.667 2.062 ) 1.960 | 1.828 | 1.502 | 1.369 | 1.325 | 1.355 1.409 )
2.333] 1.957 | 2.037 { 2.080-| 2,085 |2.000 2,061 | 1.959 | 1.827 | 1.k90 |'1.363 | 1.322 | 1.353 1.410 0.709 | 0.251

2.667| 1.903 | 1.990 | 2.037 | 2.037 |2.333] 2.052 | 1.935 1.800 | 1.448 | 1.323 | 1.277 | 2.313 | 1.377 . [radius |radius

3,000| 1.827 | 1.920 | 1.963 | 1.957 2,667 1.980 | 1.883 | 1.7h7 | 1.360 | L.235 1.190°| 1.225 | 1.288 sbout | about
{3,333 1.717 | 1.817 | 1.870 | 1.855-13.000 1,895 |-1.800 | 1.647 | 1.215 | 1.080 1.03% | 1,063 | 1.137 water | water

5.667| 1.585 | 1.680 | 1.743°| 1.722 |3.333| 1.780 | 1.667 1.ho1| .60 .Bo7| .67H| .782| .879 line | line

4,000 1.519 | 1.510 | 1.583 | 1.521 {3.500] ===== | w==m= | <==s= C.785 ST3 A1l 528 677 9.417 | 9.417
4,333 1,191 | 1.313 | 1.363 | 1.259 |3.583| ---=- e B B 352 | 3.583 L2TT ) 523 .

4,667] 873 | 1.033 | 1.073 872 13,6671 1.625 | 1.483 | 1.2k9 | 499 3.6571 O 3,613 .250 |2.667] 1.353 | 1.359 | 1.289 | 1.090-

4,833 641 1 85T .8T3 563 3,833 wmmmw | memea | moees 3.772 0 3.700 |3.000] 1.225 | 1.255 | 1.223 | 1.040

4,017 480 | o7 55 | .257 {k.000| 1.393 |'1.180) 807 0 3,333 1.015 | 1.079 | 1.093 893

Is.000] .z27 ] .627T| .583 | 4. 4,083 memmm | cmmma 6 3.500| .867 | .955 .997 767

5.083| 5.036 A771 33| O 4,167] =wmm- ou7 4.190 3.588| 767 | .883 +933 677

5.167| 0 .227 | 5.1%0 4,333| 1.033 607] © 3,667 633 .788 .859 565

5.190 { © %,500{ .783 | L.432). 3,750 483 687 | .TI0 410
0 4,667 .2571 0 3.833]. 558 | 665 | 3.839
4,833| 4.689 3.917| 3:857 360 | .515] ©
5.000] 0 ° k,000]| O 3. .278
s} 4,033
0

lyater line is distance above water line 6.667.
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i TABIE III

PHYSICAL CHARACTERISTICS OF THE MODEL

b Wing: ' : v :

* Area (included), sq Mt o o o o oo o o s e s e ae e e e e 987.26
:  BpAN, QM. . s e e s 8 ae 4 e s e s e s e e s e e e s e 45.49
{ ASDECE TBEIO « o & o o o o & 4 o e e s e s e e e e s e e o 2.096

; Mean aerodynamic chord, in. « « o o o o o ¢ o o o o o ¢ o o o 28.94
! Sweepback of leading edge, deg o + « o o o s 4 e e e e e ool 60
' Trailing edge sweep, A€Z « « o o o o s o o ¢ o o o o o o o o o - =10
Incidence, deg e s e s o 8 o o s o s 8 s s s e s s = s . +3
; Airfoilsection ..._..NACA0001+0865

Vertlcal tall' . :

CATes, SQ ANy o o o o o e s s e e e s e e e s e e st e e .. 102.4
Aspect Tatio « o « oo o o s'o o o o o o o o = e e e s . 2.64
Sweepback of leading edge, Qg « + « + o o o 0 o o o o 0o o e 52
AiTFOLil SECEION ¢ « o o o o o o o o o o o o o . . NACA 0005-64
Taper Tabio o o o o o o o s o o o o o o o s .0 o o o o o s oo 0.324

Pod wing: ‘
Area (1ncluded), SQ iNe o o e 0 e 0 e s
Span, in. ¢ o o o o ¢ e s e e 0 0 e .o

7 ‘Aspect TtiOo o« o « o o s o 0 s e e e e

1 Airfoil section =« o ¢ ¢ o o o o o o o o

T e e e s s e o o« B89.60
Gt e s e e e s e s s 13.70
. . 2.10
......NACAOOOlL56)+

Pod canard: o :
Area (included), SQ ifle « o o o o o oo o s o o o = o s o oo 2
SpAN, INe + o o s e o e s e e s e e s G e s s e e e e e e
Aspect TAtio ¢ o v o ¢ o s s o s s e e e e e o e e e e e s s e
‘ AirFoil SECtion o « o o o o o o o o o o o o s o o » o NACA O00k4.

.86

LUk
6
10
g

\)1!\)-'4\0

-6

Pod ventral fin: :
Area (included), 5g Ime « o o e o e o e e e e e e e e 19.20
Span, il’l- .. s o « o ‘e Y s o . .'. a . >u * = ‘- » e ‘e ’uv )4'.10

AsPectratio........'..;..............175
Taper Tatio o « o o o « o o o o o o o o o o o o o o = . . 0.35
ALTFOil SECLION o o o o o o o o o o o o o s o s o o o NACA 0004 5-64
| Leading-edge SWEED o+ ¢ o o o o + s s ecs 4 s s o o ee e o e e 60

Y

-
i
i )
5
b
, idA
r&
fuad
7.
3
K

ey




(a) Sketch of complete model.

Figure 1l.- General arrangement of model. A1l dimensions are in inches.
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‘¢, ATIRPLANE AND SYM.

MINUS ~-{->PLUS
- _—CHORD PLANE

. ) ‘"BII )
DIM.

.- WING STA. O

CHORD

'LOWER ORD, -+{fo}—7-
UPPER ORD. >

~wme 1. 5./

WING SPAN .
STaA, 22.7L5

| WING STA.
35,880

WING STA.

R B T N
STA. 54333 o T

epe— :‘?“_’ :

SECTION E~E s 2013 1),5m

(b)‘Wing'geométry. (Also, see table I.)

" ' Figure 1l.- Continued.
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1A
SPAN STA. 5.3%3 -
s v OUTB'D
r LOOKING FW'D
v A | —WING CONTOUR £
—r CHORD. PLANE SPAN STA 3
2013 145" P
' WING CONTOUR
Toure™ . . CHORD PLANE — ) " H
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(c) Detail of drag strut fairing and main landing-gear fairing.

‘Figure 1.- Continued.
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(f) Nacelle geometry.

Figure l.- Continued.
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Figure 1.- Continued.
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(n) Fuselage geometry.

Figure 1l.- Continued.
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(1) Fuselage-wing fillet geometry.

Figure l.- Continued.
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Figure l.- Continued.
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(k) Actuator fairing .

Figure l.- Continued.
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Figurell.é.Continued.
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Figure l.- Continued.
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Figure 1.~ Continued.
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Figure 1.~ Concluded.
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ABSTRACT

" An investlgation has been made by the Langley Pilotless Alrcraft
<. Research Division utilizing a l/l5—scale rocket -propelled model of the ,
Convair B-58 superscnic bomber. The drag at model trim 1lift was obtained
at Mach numbers between 0.85 and 2.0 at corresponding Reynolds number per

foot of 3.5 X lO6 and 13.7 X 106 respectively. The results of the pres-

. ent investigation are compared with unpublished data obtained from several
facilities, WADC 10-foot tunnel, Ames 6- by 6-foot supersonic tunnel and

the Langley 16~foot transonic tunnel, A comparison of the drag at tran-

sonic speeds and at approximately the same Reynolds numbers showed excel-

lent agreement. A drag coefficient of O. 028 at a Mach number of 2.0 was

obtained at zero—llft conditlons.
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